Adverse events after surgery are common. Identification of markers of at-risk patients may facilitate efficient and effective perioperative resource allocation. This pilot study aimed to identify simple preoperative factors associated with postoperative adverse events. In 1291 surgical patients, the relationship between patient and surgical factors and adverse events in the post-anaesthesia care unit was examined using binomial logistic regression analysis. Adverse events in the postoperative care unit were common, including desaturation (13.6%), hypotension (5.8%) and apnoea (5.5%), with 19.9% of cases requiring attendance by an anaesthetist to manage unexpected complications. Average length-of-stay in the post-anaesthesia care unit was 120 minutes and prolonged stay for medical reasons was common. A number of patient and surgical factors, including surgical complexity, preoperative arrhythmia, previous anaesthetic issues and heart failure were strongly associated with these adverse events. Areas under receiver operating characteristic curves ranged from 0.63 to 0.80. Patients with adverse events in the post-anaesthesia care unit appeared to have a higher risk of intervention in postoperative wards from a medical emergency or intensive care unit team. Our preliminary findings suggest that preoperative identification of key factors may have utility in determining risk of early postoperative problems and hence, aid perioperative planning.
Early postoperative adverse events occur in up to 40% of patients in the post-anaesthesia care unit (PACU) [1] [2] [3] and frequently in elderly patients discharged to general wards 4 . Furthermore, those patients who have been discharged from the PACU within the previous 24 hours represent more than 10% of patients requiring attendance by a medical emergency team (MET) 5 . Mechanisms to mitigate or manage adverse events early in the postoperative period include the use of extended recovery rooms 6, 7 , admission to an intensive care unit (ICU) or high dependency unit (HDU) [8] [9] [10] , postoperative outreach teams 4, 11 and rescue with medical emergency teams 12, 13 . These options are expensive and may not be universally available. Therefore, preoperative identification of patients at risk of postoperative adverse events, with subsequent streaming to appropriate high acuity facilities, may improve both patient outcomes and resource management.
Practical methods to estimate these risks are a desirable goal, but many have significant limitations. The 2011 UK National Confidential Enquiry into Patient Outcome and Death study identified specific associations with patients deemed 'high-risk' 14 , as did a smaller series in Australia 15 . Factors identified included the American Society of Anesthesiologists physical status (ASA PS) score, surgical complexity, and body mass index. Studies looking at early postoperative complications have found correlations with ASA PS score 16, 17 , duration of surgery and preoperative oxygen desaturation 18 . However, most studies have targeted endpoints such as 30-day mortality 19, 20 , specific patient groups [21] [22] [23] or been aimed at unit audit rather than predictive risk scoring 24 .
Intra-or postoperative events may also contribute to risk. For example, an unexpected need for ICU admission postoperatively has recently been shown to be related to preoperative factors such as ASA PS score, but also strongly associated with intraoperative events 25 . To our knowledge, no work has yet examined the links between preoperative factors, immediate postoperative observations and adverse events in the PACU (which may better reflect the consequences of intraoperative events) and subsequent serious ward adverse events requiring intervention by specialist units in a process such as that illustrated in Figure  1 . It is plausible that there are preoperative markers of patients at high risk of PACU complications and that together, these may predict those at high risk of subsequent serious ward complications.
This pilot observational study prospectively collected a detailed dataset on simple preoperative patient and surgical factors, adverse events in the PACU and major ward adverse events. The aims of the study were to determine the incidence of adverse events in the PACU and major adverse events occurring in the postoperative wards and to identify any patterns of association between these and patient factors collected preoperatively. Specific hypotheses were: (i) problems in the PACU are common and (ii) there are associations between readily identified patient/surgical factors and adverse events in the PACU and the post-surgical ward.
METHODS
The protocol was approved by the Research Ethics Committee, Royal Adelaide Hospital (Approval No. 111121). The requirement for written informed consent was waived. Data from all surgical cases presenting to the non-cardiac PACU between 0800 and 1800 on weekdays between 7 February 2012 and 16 March 2012 were collected prospectively at the Royal Adelaide Hospital. Clinical observations and experience suggested that these numbers would allow characterisation of the incidences and patterns of early postoperative complications sufficient for a pilot study.
Data on a range of patient and surgical factors were collected from each patient's medical paper record. A broad range of factors, which could plausibly be associated with early postoperative adverse events, were chosen 1, 15, 26, 27 . In total, there were 33 factors selected ( Table 1 ). Detailed preoperative data were available for the group of patients undergoing elective surgery who had attended a multi-disciplinary preoperative outpatient assessment clinic. However, data for those patients presenting for emergency surgery were frequently less detailed and hence were not included in the analysis of associations with postoperative events.
In the PACU one investigator, assisted by nursing staff, recorded details of physiological variables and medical events during each patient's stay. Data collection did not commence until 30 minutes had elapsed in the PACU, thus avoiding events that could be considered an expected part of anaesthetic emergence. The adverse events collected were adapted from those currently used as criteria for MET calls at the Royal Adelaide Hospital, i.e. major adverse events requiring attendance of a specialised medical and nursing team ( Table 2) . Indications for any medical consultation (when nurse-initiated management and protocols were not adequate) were recorded, along with the surgical procedure performed, urgency status (elective or emergency) and destination following discharge from the PACU. Length-of-stay in the PACU was determined from the time patients met protocol-based discharge criteria, or were signed out by medical staff.
To record ward adverse events, patients who received a MET call (Table 2) , unexpected ICU/ HDU admission from the post-surgical ward, or died within the first 48 hours following surgery were retrieved from hospital databases and linked with preoperative and PACU data. A period of 48 hours postoperatively was chosen based on previous studies of rapid response team activation and intensive care admission 28, 29 . Data were entered into a spreadsheet, pooled, and imported into Systat V13 (Systat Software, Inc., Chicago, IL, USA) for analysis. For the group with detailed patient data (elective surgery, attended preoperative outpatient assessment clinic), the relationship between PACU adverse events and patient factors was studied using binomial logistic regression analysis. Seven adverse events or outcomes of interest occurring in the PACU were selected for modelling (Table 3 ). These were considered by the investigators to be of clinical significance (e.g. blood pressure < 90 mmHg systolic) and/or to have resource implications (e.g. length-of-stay in the PACU ≥ 4 hours).
RISKS OF EARLY POSTOPERATIVE ADVERSE EVENTS
For each outcome, all 33 patient and surgical factors were entered into a model. Backwards stepwise binary logistic regression analysis was used to eliminate factors for which P > 0.15. No factors were forced into the models. Associations considered highly illogical were removed and models re-run, with no subsequent removal of any factors. The fit of the model to the data is indicated by the area under the receiver operating characteristics curve. In light of the historical significance and widespread use of the ASA PS score, univariate regression analysis was also performed for this score on each outcome.
For ward adverse events (MET call, unexpected transfer to ICU/HDU from the ward, death), patient numbers were expected to be low. Hence, we simply examined the proportions of adverse events in PACU for the patients who experienced adverse events on the ward compared with those who did not.
RESULTS
In the six-week period of data collection, 1291 patients presented to the PACU, with a full dataset of postoperative events available for 1139. Detailed data on preoperative patient and surgical factors was available for 643 patients. Patient demographic data are provided in Table 4 . Mortality in the operating theatre within the study group was zero.
In the PACU, a broad range of adverse events occurred (Table 5) . Attendance by a doctor for problems not adequately managed by nurse protocols occurred in 19.9% of cases, most frequently because of hypotension, pain, desaturation, oliguria or hypertension. The mean PACU length-of-stay was 120 minutes (standard deviation 87.7 minutes) and prolonged stay for medical reasons was common, with 8.3% staying at least four hours.
A number of patient and surgical factors were related to PACU adverse events at the level of significance of 0.15. These factors, and their odds ratios and P values after inclusion in the subsequent complete modelling, along with models' areas under receiver operating characteristics curves, are displayed in Table 6 . For ASA PS scores, statistical significance was reached for only one model -a need for fluids or inotrope/vasopressor. On univariate analysis of ASA PS scores, P values for the other models ranged from 0.313 to 0.808.
In postoperative wards in the first 48 hours after surgery, ten (0.8%) patients required intervention from a MET and three (0.2%) were admitted to the ICU from the ward. Complications in the PACU among this patient group were common. Although the small numbers preclude detailed analysis, the incidence of certain adverse events in this group appeared higher than the cohort mean (Table 7 ). Mortality was low in the first 48 hours postoperatively. Of the four patients who died (0.3%), only one received a MET call and none were admitted to the ICU. All had their preoperative assessment as inpatients.
DISCUSSION
There are relatively few studies on the incidence of serious adverse events in the PACU. In this study, criteria consistent with those used for ward MET calls were chosen as these have been considered sufficiently significant to justify an urgent call-out of specialist medical staff. Our study was a pilot, and the findings must be considered exploratory. We had insufficient power to make any firm conclusions. Nevertheless, we made several important observations.
The frequency of adverse events in the PACU was surprisingly high. This may, in part, explain the fact that more than one-third of patients were unfit for discharge from the PACU after two hours, a figure substantially higher than the Australian benchmarking figure of 1% 30 . Patient factors associated with PACU adverse events that appeared in several models were the presence of an irregular pulse at preoperative assessment, a history of anaesthetic issues and a history of heart failure. Any consistent associations between simple preoperative factors, PACU events and early ward events (Figure 1 ) would have potential benefit in planning perioperative care, particularly on a population and resource planning basis.
The most consistently significant factor was the National Institute for Health and Care Excellence Data are presented as mean ± standard deviation, or count and percent of total (%). aSurgical grade is based on the NICE guidelines 31 . PACU=post-anaesthesia care unit, BMI=body mass index, ASA=American Society of Anesthesiologists. surgical complexity grade 31 . In contrast, the Research into Elderly Patient Anaesthesia and Surgery Outcome Numbers study, which examined postoperative complications in patients aged 70 years or more, found that patient factors were more strongly associated with mortality than the type of surgery 4 . Of note, the Research into Elderly Patient Anaesthesia and Surgery Outcome Numbers study classified surgery according to specialty, rather than complexity.
Several simple physiological factors routinely collected preoperatively, such as blood pressure, oxygen saturation and pulse rhythm, might logically be assumed to be associated with adverse events, but data on their prognostic significance are, to date, limited. Our findings suggest they may play a role in determining a patient's risk of early postoperative adverse events. It was notable that several preoperative variables were negatively associated with adverse events. For example, preoperative hypertension was associated with a lower risk of postoperative hypotension.
We found ASA PS score to be a poor predictor of adverse events. It generally had little association with events in the PACU and was retained in only one multivariate regression model. This may relate to its subjective nature and inter-observer variability 32 , or reflect a true lack of correlation with these adverse events. Of note, the National Confidential Enquiry into Patient Outcome and Death study 14 , looking at anaesthetists' perception of patient risk, found that an ASA PS score of III was associated with a large spread of perceived risk and was therefore a poor discriminator.
Considering that patient progress in the PACU is often used as a triage point for referral to ICU/ HDU in clinical practice, better definition of the link between adverse events in the PACU and subsequent adverse events on the wards would be informative. The strengths of our pilot study include a prospectively collected detailed dataset with a high capture rate of 93% of patients during the study period, and detailed manual identification of factors and adverse events by investigators from case notes. However, our sample size was too small to develop and validate clinically useful predictive models. Further, the data are from a single site and single time period in a tertiary referral centre, which may or may not be directly applicable to other institutions or populations. Selection and definition of both predictor and outcome variables for analysis is challenging given the complex nature of the events being studied and it is inevitable that some factors associated with early postoperative complications were not included.
Despite this study's limitations, the data suggest there may be a link between surgical factors, adverse events in the PACU, and ward complications ( Figure  1 ). Hence, it is plausible that risk stratification based on preoperative factors, with revision based on PACU findings, may assist clinicians in planning and utilisation of high acuity facilities. Our findings support the planning of larger studies to explore this further.
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